Abstract. The 
BMOC, GnRHa caused a small increase in lactate production and slightly enhanced the FSH effect. In conclusion, GnRHa has a direct stimulatory effect on granulosa cell glycolysis. GnRHa also modulates the FSH stimulation of granulosa cells biphasically, i.e. early enhancement (0\p=n-\24 h) and late inhibition (48\p=n-\72 h).
GnRHa has no consistent direct effects on cumulus cell glycolysis. GnRH ). The present study was undertaken to investigate the possible direct effect of GnRHa on glycolysis in granulosa cells under basal and gonadotrophin-stimulated conditions. Part of the study has been reported in preliminary form (Billig et al. 1982 (Woolf 1968) . A P-value < 0.05 was considered significant.
Results

Granulosa celL·
GnRHa stimulated lactate production in a dosedependent way (Table 1) and maximal production was achieved with 10-100 ng/ml of GnRHa. Granulosa cells cultured with GnRHa (100 ng/ml) increased their lactate production 3-fold over the controls during the first 24 h ( < 0.01; Fig. 1 ). During the two consecutive 24 h periods, lactate production was still enhanced but to a lesser extent. The GnRH antagonist (10µg/ml) abolished the GnRHa-stimulated lactate production in all three culture periods (Fig. 1) .
FSH (100 ng/ml) increased lactate production 5 to 10 times during all the three culture periods as compared to the corresponding controls. GnRHa (100 ng/ml) caused a further increase of the FSHstimulated levels during the first 24 h culture period but partially inhibited the effect of FSH during the third 24 h period (Fig. 2) . The synergistic effect of GnRHa during the first 24 h was abolished by the GnRH antagonist (10µg/ml; Fig. 3 ).
Progesterone and 20a-OH-progesterone were also analyzed. The results corresponded well to the results found in a parallel study (data not shown; Sheela Rani et al. 1983 ).
Cumulus celh FSH (100 ng/ml) stimulated cumulus complexes to a six-fold increase in lactate accumulation during 24 h culture in MEM (Fig. 4) . At culture times beyond 24 h FSH had no stimulatory effect. GnRHa alone did not stimulate cumulus complexes at any time during the three-day culture, nor did it affect the FSH-stimulated lactate production signi¬ ficantly (Fig. 4) .
In another experimental series, where BMOC was used as culture medium, GnRHa (100 ng/ml) caused a small but significant increase in lactate production by the cumulus complexes and slightly enhanced the effect of FSH (100 ng/ml) (Fig. 5) (Clark 1982; Ekholm et al. 1982b ). Recently, GnRH was shown to cause also a rapid and specific increase in the metabolism of phosphatidylinositol in isolated rat granulosa cells (Davis et al. 1982) . Consequently it appears that the mechanism for the stimulatory effects of GnRH in granulosa cells is distinct from that of the gonadotrophins, and it probably involves changes in the phospholipid metabolism and also prostaglandin synthesis.
This study, and another recent one from this laboratory, concerning granulosa cell and cumulus progestin synthesis (Sheela Rani et al. 1983) , underline the importance of studying the effects of GnRHa at various exposure times. As discussed above, GnRHa and FSH initially showed an addi¬ tive effect on lactate production. During extended culture, however, GnRHa inhibited FSH-stimulated lactate production as was previously shown for progestin synthesis (Sheela Rani et al. 1983 (Sheela Rani et al. 1983 (Pelletier et al. 1982 ).
In conclusion, we have demonstrated direct effects of GnRH on granulosa cell lactate produc¬ tion. As with other parameters such as steroido¬ genesis, the effect of GnRH on lactate production is time-dependent and it is seen both with and without gonadotrophin stimulation. To establish whether the direct effects of GnRH on granulosa cell glycolysis indeed represent physiological events normally carried out by locally formed peptides as was proposed for the testis (Sharpe et al. 1981 ) and the ovary (Ying et al. 1981; Esch et al. 1982) further investigations are needed. Further work is planned to elucidate glycolysis from other points of view such as oxygen consumption and production of other metabolites in the glycolysis.
